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ABSTRACT 
The aim of this study was to investigate the hydrolysis conditionsof virgin coconut oil 
(VCO) by immobilized lipase (Lypozyme TL IM). Then the hydrolyzed products wereevaluated 
with their antibacterial activityagainst Gram – negative and Gram – positive bacteria 
(Escherichia coli (ATCC 25922), Salmonella enteritidis (ATCC 13076), Staphylococcus aureus 
(ATCC 25923) and Bacillus cereus (ATCC 25924)). 
The effect of four factors on hydrolysis degree of VCO was investigated: the ratio of VCO 
to buffer, the ratio of enzyme to substrate, pH condition, and temperature.The best reaction 
conditions in the case of using Lypozyme TL IM as the catalyst was determined: the ratio of 
VCO to buffer of 1.3 (g/g); the ratio of enzyme to substrate of 0.5 (%),  pH of 8.0 and 
temperature of 65 
o
C, VCO was hydrolyzed in 28 hours, acid value achieved to 188.05 (mg/g). 
The products of hydrolyzed VCO (HVCO) showed activity against Salmonella enteritidis 
(ATCC 13076) at the concentrations of 5 % and against Escherichia coli (ATCC 25922), 
Staphylococcus aureus (ATCC 25923) and Bacillus cereus (ATCC 25924) at the concentrations 
of 20 %. 
Keywords: antibacterial activity, immobilized lipase, hydrolysis, virgin coconut oil. 
1. INTRODUCTION 
Virgin coconut oil (VCO) is obtained from fresh and mature kernel (12 months old from 
pollination) of the coconut (CocosnuciferaL.) by mechanical or natural means without the 
application of heat, which does not lead to alteration of the nature of the oil. VCO has not 
undergone chemical refining, bleaching or deodorizing. Virgin coconut oil is colorless, free of 
sediment with natural fresh coconut scent. It is free from rancid odor or taste [1]. 
Virgin coconut oil is a common product in Vietnam as well as in tropical countries such as 
Malaysia, Philippines, Thailand, India, Indonesia, Fiji, New Guinea, etc. Hydrolysis products 
from VCO such as free fatty acids (mainly medium and short chain) are applied in many 
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industries such as food, pharmaceutical and cosmetics [2]. VCO has been used for health 
promotion, antioxidant activity and for medication [3] 
Depending on the hydrolysis conditions, the hydrolysis products have different features. In 
which, there are some compounds having bioactive properties [4]. Lauric acid is a medium chain 
fatty acid with high antibacterial activity [5, 6]. The application of lauric acid in food industry 
has been reported by researchers and nutrition experts [7]. Each lipase enzyme is characterized 
by different hydrolysis conditions and hydrolyzed products [8].  
The products from the enzymatic hydrolysis of VCO have higher bioactive value than the 
hydrolysis products from chemical hydrolysis [5]. Therefore, this study was to examine the 
conditions for hydrolysis of VCO by using lypozyme TL IM lipase, obtainthe hydrolysis 
products and evaluate their antibacterial activity. 
2. MATERIALS AND METHODS 
Virgin coconut oil used in this study was funded byLuong Quoi Company, Ben Tre 
province, Vietnam.  
Immobilized lipase Lypozyme TL IM was purchased from Novozymes. Reagents used in 
this study were NaOH solution of 0.1M, KOH solution of 0.1M, H3PO4 85%, phenolphthalein 
1% in ethanol as the pH indicator, H2SO4 solution of 0.1N.  
The culture for bacterial growth used were Nutrient Agar (Oxoid), Nutrient Broth (Italy) 
and Mueller Hinton Agar (Oxoid), sterile bidistilled water, NaCl 0,9%, and ethanol as solvent in 
antibacterial test, paper disc with diameter of 6 mm (Oxoid). 
Bacterium tested were Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 
25924), Escherichia coli (ATCC 25922) and Salmonella enteritidis (ATCC 13076) purchased 
from Pasteur Institute in HCM City. 
2.1. Enzymatic hydrolysis of virgin coconut oil 
56 grams of VCO and 44 grams of Tris – HCl buffer were placed in a 250 ml – Erlenmeyer 
flask. Emulsification of the mixture was carried out by using a stirrer at speed 12000 rpm in 15 
minutes. To start the reaction, 0.5 % (wt.% base on the VCO amount) of lipase Lypozyme TL 
IM was added to the Erlenmeyer flask. The mixture was shaken at speed 200 rpm for 10 minutes 
in every one hour to make sure that the enzyme can contact to substrate evenly.To stop the 
reaction, the mixture was centrifuged at 6,000 rpm for 10 minutes at a room temperature in order 
to separate the solution and the immobilized enzyme. The immobilized enzyme was rinsed with 
Tris HCl buffer and reused. Reaction conditions were chosen based on four effect factors to acid 
value (AV): the ratio of VCO to buffer, the ratio of enzyme tosubstrate, pH condition and the 
temperaturewere studiedby changing one element and fixed the other ones. Fromthe output data, 
choosing appropriate reaction conditions to investigate the variation of AV depend on the length 
of time. Acid value of VCO and hydrolyzed VCO was calculated as followed: 
            
        
 
 
A: The volume of mL KOH in sample; N: The concentration of KOH in sample (mol/L);             
W: Weight of VCO (g). 
2.2. Antibacterial of hydrolyzed virgin coconut oil (HVCO) 
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When the hydrolysis reaction finished, the hydrolyzed products were separated to receive 
mixture of free fatty acid (HVCO). 
Antibacterial activity of HVCO was examined by agar diffusion method using paper plates 
6 mm diameter and then the zones of inhibition were observed. The HVCO was tested its 
antibacterial at concentration of 5 %, 10 %, 15 %, 20 %, 40 %, 60 %, 80 % and 100 %, 
respectively. 
Each experiment was conducted 3 times and the average values were calculated. 
2.3. Analytical methods 
Acid, peroxide and iodine value of VCO were determined according to Vietnamese 
standard No 6127:2010; 6121:2010; 6122:2010. 
Composition of fatty acid of VCO and free fatty acid of hydrolysis productwere determined 
by gas chromatography according to AOAC standard No 996.06. A GC 2010 gas chromatograph 
(Shimadzu, Japan) equipped with FID detector was used. Separation was carried out in a TR-
Fame column with dimension of 60 mm × 0.25 mm × 0.25 μm. The oven temperature profile 
was: 150 
o
C (0 min), 3 
o
C/min to 200 
o
C (3 min), 10
o
C/min to 240 
o
C (5 min). Helium was used 
as a gas carrier. Samples and standard were injected at the volume of 1 µl.   
Analysis of variance (ANOVA)with Statgraphic Centurion XV.I software was employed to 
analyze the differences among group means (P  0.05). 
3. RESULTS AND DISCUSSION 
3.1. Hydrolysis of VCO using Lypozyme TL IM 
 
 
Figure 1.The rate of VCO/Buffer (a), pH and temperature (b), enzyme/substrate (c), and hydrolysis time 
(d) effect on acid value was released by lipase Lypozyme TL IM. 
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The effect of four factors on the hydrolysis VCO using Lypozyme TL IM as a catalyst were 
shown in Figure 1. Accordingly, the appropriate parameters were selected as the ratio of VCO to 
buffer of 1.3 (g/g), pH 8.0, temperature 65 
o
C and enzyme to substrate of 0.5 %. The acid value 
achieved 188.05 (mg/g) after 28 hours. 
3.2Antibacterial activity of HVCO 
 
Figure 2.Composition and content of free fatty acids of HVCO. 
Figure 2 shows that, free C6 - C18fatty acids were released. In this case,the amount of 
lauricacid was slightly increased up to 46.8 %.  
The results of antibacterial activity of HVCO against Escherichia coli (ATCC 25922), 
Salmonella enteritidis(ATCC 13076), Staphylococcus aureus (ATCC 25923) and Bacillus 
cereus (ATCC 25924) were shown in Figures 3, 4, 5, 6 and Table 1. 
 Figure 3. The inhibitory effect of HVCO concentration on Escherichia coli (ATCC 25922). 
Figure 4. The inhibitory effect of HVCO concentration on Salmonella enteritidis (ATCC 13076). 
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Figure 5. The inhibitory effect of HVCO concentration on Staphylococcus aureus (ATCC 25923). 
 Figure 6. The inhibitory effect of HVCO concentration on Bacillus cereus (ATCC 25924). 
Table 1.The inhibitory effect of HVCO concentration on test bacterial. 
HVCO 
Concentration 
Mean ± SD/ Zone Inhibition (mm)/ n=3 
 
Zone Inhibition (mm) (mm) 
Escherichia 
coli 
Salmonellaente
ritidis 
Bacillus cereus 
Staphylococusaur
eus 
5% 6.00 ± 0.000 6.40± 0.100 6.00± 0.000 6.00± 0.000 
10% 6.00 ± 0.000 6.47± 0.058 6.00± 0.000 6.00± 0.000 
15% 6.00 ± 0.000 6.83± 0.058 6.50± 0.000 6.27± 0.058 
20% 
 
7.33± 0.289 8.00± 0.000 8.00± 0.289 7.17± 0.577 
 
 
40% 7.83± 0.289 8.83± 0.764 8.67± 0.289 7.67± 0.500 
60% 8.33± 0.289 9.83± 0.289 9.50± 0.500 8.17± 0.289 
80% 9.33± 0.289 11.17± 0.289 10.33± 0.289 8.50± 0.577 
100% 10.33± 0.289 12.33± 0.289 12.00± 0.289 9.50± 0.500 
 
According to Figure 3, 4, 5, 6 and Table 1, HVCO showed no significant antibacterial 
activity against Escherichia coli, Staphylococcus aureus and Bacillus cereus at the concentration 
of 5 %, 10 % and 15 %,while it inhibited Salmonella enteritidis at the concentration of 5 %. 
Elysaet al (2014)reported that undiluted HVCO inhibited Salmonella typhimurium and 
Salmonella typhi with the clear zones of 14.3 and 13.9 mm diameter, respectively. In our study, 
undiluted HVCO showed similar activity against Salmonella enteritidis 12.33 mm. 
The minimum concentration of HVCO that had inhibitory effect on Escherichia coli, 
Staphylococcus aureus and Bacillus cereus was of 20 %, which was comparable with the results 
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of Jansen Silalahi et al (2014), whose work showed that HVCO inhibited Staphylococcus aureus 
at concentrations of 25 % as the lowest. 
4. CONCLUSION 
The conditions for hydrolysis of virgin coconut oil by lypozyme TL IM lipase were 
examined. The most favorable parameters include: VCO/ buffer ratio of 1.3 (g/g), 
enzyme/substrate of 0.5 %, pH 8.0 at temperature 65 
o
C. After 28 hours, the acid value of 
hydrolyzed products achieved 188.05 (mg/g). 
The antibacterial activity of HCVO against Escherichia coli, Staphylococcus aureus and 
Bacillus cereus was shown at the minimum concentration of 20 %. In the case of Salmonella 
enteritidis, the lowest inhibitory concentration was of 5 %. 
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Mục đích của nghiên cứu này là khảo sát các điều kiện thủy phân dầu dừa tinh khiết bởi 
enzyme cố định (Lypozyme TL IM), sau đó đánh giá khả năng kháng khuẩn của sản phẩm sau 
thủy phân đối với vi khuẩn Gram âm và Gram dương (Escherichia coli ATCC 25922, 
Salmonella enteritidis ATCC 13076, Staphylococcus aureus ATCC 25923 và Bacillus cereus 
ATCC 25924). 
Ảnh hưởng của bốn yếu tố: tỉ lệ dầu/ đệm, enzyme/ cơ chất, điều kiện pH và nhiệt độ đến 
mức độ thủy phân của dầu dừa tinh khiết đã được khảo sát. Điều kiện phản ứng thủy phân tốt 
nhất được xác định là: tỉ lệ dầu/ đệm là 1.3 (g/g); tỉ lệ enzyme/ cơ chất là 0,5 %; pH 8, nhiệt độ 
65 
o
C và thời gian 28 giờ. Sản phẩm thủy phân của dầu dừa tinh khiết có chỉ số acid đạt 188,05 
(mg/g). Dầu dừa thủy phân (HVCO) kháng Salmonella enteritidis ATCC 13076 ở nồng độ tối 
thiểu là 5 %, trong khi đó nồng độ tối thiểu của HVCO kháng Escherichia coli ATCC 25922, 
Staphylococcus aureus ATCC 25923 và Bacillus cereus ATCC 25924 đều là 20 %.  
Từ khóa: kháng khuẩn, enzyme cố định, thủy phân, dầu dừa tinh khiết. 
 
 
 
 
 
 
  
